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A state of charge indicator (10) monitors a 
voltage produced by a depletable energy source 
(1 1) and provides an indication when the state of 
charge of the depletable energy source (1 1) falls 
below a predetermined threshold. The state of 
charge indicator (10) includes an input circuit (13) 
for sensing the voltage and producing a plurality 
of tap voltages. The state of charge indicator (10) 
further includes a monitor circuit (65) for 
comparing each tap voltage with a corresponding 
threshold voltage and producing a result for each 
tap voltage falling below its corresponding 
threshold. The state of charge indicator (10) still 
further includes a storage device (75, 95, 115) for 
storing each result and producing an . 
accumulated status and an output circuit (152) for 
producing the indication when the accumulated 
status exceeds an accumulated status threshold. 
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1* A State of qh^rge indicator for provldiiig an 
i^icStion when the state of charge of a battej^ falls 
below a pifedetermined thrj^shold level, characterized by; 

at! input system for sensing a voltage produced by 
the liatti^ry and producing a plurality of tap voltages; 

a plurality of monitor stages^ coupled ta the input 
system and having a icomittozl output, ea<% monitor stage 6f 
the plurality of monitor stages Im^ludlng a monitor 
isystem for sensing one tsp voltaga of the plurality of 
t£ip voltages and producing a result when the one tsqp 
voltage falls below a predetermined threshold and ^ 
storage sy&tem coupled to the monitor system for storing 
each the re8ult.| the storage eystem having an Output 
coupled to the cd^on output for supplying an accimulated 
etatuis; 

e cottpatator isydtem coupled to thd common* output for 
pss<a\kcin9 an acoumiulated dtatxts eignal whon the 
Meusaulated etattie exceeds a predisteirttiAed accumulated 
•t«tus threeholdi 

a irechair<ge moftitor eyetem coupled to the inpu^ 
eyetioi UMiteiriiit om tmp ^Itago 4»t the yXur^li^ of 
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tap voltages^ the recharge monitor system including a 
recharge comparator device for generating a recharge 
eignai when th^ one tap voltage exceeds a recharge 
^reshold; 

an output system coupled to the comparator system 
for providing the indicaticftn in response to the 
'accumulated status signal; and 

an output control system having an input coupled to 
the comparator system for receiving the accumulated 
status signal and coupled to the recharge monitor system 
for receiving the recharge signal^ the output control 
system having an output coupled to the output system for 
conveying the accumulated status signal to the output 
system and for forcing the output system to continue 
providing the indication when the comparator system ito 
longer produces the accumulated status signal and the 
recharge monitor system does not generate the recharge 
signal, 

.9, A method of monitoring ai voltage produced by a 
depletable energy source and producing an indication wheia 
the state of charge of the depletable energy source falls 
below a predetermined threshold^ characteri^ed by: 

sensing the voltage and producing a plurality of tap 
voltages f 

comparing each tap voltage of the plurality of tap 
voltages to a corresponding tlureshold voltage and 
producing a result for each tap voltjsige falling below its 
corresponding threshold Voltage^ 

producing an accumulated status f roin the results; 

and 

providing the indication when the acoomulated status 
exceeds an accumulated status threshold # 
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BACKGROUND OF THE IWVEWTION 

The present invention generally relates to a state of 
charge indicator for providing an Indication when the state 
of chai^ge of a depletable. energy source falls below a 
predetermined threshold. The ptesent invention is more 
particularly directed tb a state of charge Indicator for 
monitoring a voltage produced by a battery used In a deep 
cycle application and producing an indication wh^n the 
state of charge of the battery falls below a predetermined 
threshold. 

The atate of charge of a depleta)>le energy source such 
as a battery is an indication of the relative aviount of 
useable energy remaining in the battery The stat^ of 
charge id given as a percentage egual to the ratio of the 
present amount of useable energy remaining ih the battery 
to the amount of useable energy in the battezy when it is 
fully charged. Thua^ a fully-charged battery has a 100% 
state of charge, a fuily-discharge4 battery has a 0% state 
of charge , and a battexry charged to 4 level equal to one- 
half its full state of charge has a 50% State of charge. 

Batteries are often used in deep cycle applications to 
provide electrical energy to power electrical devices such 
as electric motors or eiaergency lighting. In deep cycle 
applications, batteries are routinely and repetitively 
discharged to a relatively low stdte of charge and 
recharged to a hear-iao% state of charge. In other 
appllcetions, batteries such as starting batteries in 
automobiles, for exsiimple, are used only intermittent ly, to 
supply electrical eher^ to the starter motor of the 
automobile* Aside from these momentary intermittent 
usages^ such batteries are generally maintained near 100% 
state of charge t Deep cycle applications, in contrast^ 
rotttlAsIy disdher^ift the battery to low state of charge 
during notttsl usag^* 



- 2 - 



Typical deep pycle applications for a battery include 
providing power to an electric trolling notor in a fishing 
boat, providing power to the electric drive system of a 
battery-operated wheelchair « or emergency power for 
5 security systema« In such applications, the battery i&ay be 
required to supply cufreiit for several hours. Supplying 
this current will discharge the battery to a relatively low 
state of charge. Later, the battery may be recharged to a 
nearly 100% state of charge. This same cycle of 

10 discharging and recharging the battery may be repeated many 
times over the life of the battery. 

In view of these typical applications, it would be 
advantageous to provide a battery with a state of charge 
indicator. Such an indicator would provide a visible or 

15 audible indication wheii the state of charge of the battery 
has fallen below a predetermined threshold. The indication 
would inform a user of the low State of charge condition 
and the Impending need to recharge the battery. The 
indication reduces the risk of discharging the battery to 

20 a level insufficient to provide usable power or to a level 
at which irreversible damage to the battery may occur. 

There id a need for a state of charge indicator for 
deep cycle applications which can provide a timely 
indication of a low state Of charge condition when the 

25 battery is subjected to a wide range of load currents. 

There is also a heed for a low state of diarge 
indicator which is not sensitive tQ voltage fluctuations 
which might cause the state of charge indication to 
fluctuate about the low state of charge ^t point. The 

30 state of charge indicator may provide, tbt example, an 
indication when the battery state of charge falls below a 
set point of 80% state of 6hafge« As the stlite of charge 
of the battery faXie below this set pointy a tirani^ient in 
the Current supplied by the battery may cause the voltage 

3S supplied by the battery to faisAly Indicate a state of 
Charge abov^ the det point. Accordingly, there id^ a head 
for a state of eharge indicator which latchei^ the low state 
of charge indieation and doee not reset the latched 
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condition until the battery has been recharged to well 
above the state of charge setpoint level. 

In general, the state of charge indicator of the 
present invention measures battery voltage and compares the 
5 battery voltage to different preset voltage values at 
corresponding specified tine intervals and evaluates if the 
battery voltage is above or below the preset voltage 
values. The predet voll|:age values and corresponding 
specified time intervals are empirically determined for a 

10 given type of batterer and state of charge setpoint levels 
The results of the evaiuatlone^ are placed into, for 
example, shift registers. The number of low indications 
within the shift registers are summed and evaluated. If 
the sum exceeds a predetermined accumulated status 

15 threshold, an output Indication is provided, indicating a 
low state of charge condition. If the low state of charge 
indication is provided, this output indication is latched 
until the state of charge indicator detects that the 
battery has been recharged to well above the predetermined 

20 state of charge setpoint level. 



The present invention provides a state of cRarge 
indicator for monitoring the voltage c^f a depletaM^energy 
source and providing an indication when the staj^of charge 
25 of the depletable energy source falls belowXP^^^etermihed 
threshold level The state of charge Im^^ator includes an 
input system for sensing the volt^i^ of the depletable 
enex*gy source and providing a sigfikl to a monitor system 
comprising several stages, vi^ch stage of the monitor 
30 system competes the sejr^d voltage signal to the 
corresponding threshold/^ltage for that stager Each stage 
further compriees e^/^otage eyetem for storing the result 
6f the comperl60j>4it reguler time intervals for that stage* 
The storage ji^sUm stores a finite nuitiber of results 
3S representpr^ the short term history of comparisons tor that 
stage#/'^^e state of charge indicator further includes an 
It system coupled to the storage system of all 

isttlt a II o£ al 1 the. ■ stag es 
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The present invention provides a state of charge indicator 
for providing an indication when the state of charge of a 
battery falla below a predetermined threshold level, 
characterized by: 

an input system for sensing a voltage produced by the 
battery and producing a plurality of tap voltages 

a plurality of mohitor stages coupled to the input system 
and having a common output , each monitor stage of the plurality 
of monitor staged iricluding a monit^^r systefh for sensing one 
tap voltage of 'the plurality of tap ybltages and producing a 
result when the one tap voltage- falls below a predetermined 
threshold and a storage system coupled to the monitor system 
for storing each the result, the st^lTeige system having an 
output coupled to the common output for supplying an 
accumulated status; 

a comp^iratot system co\Lpled to the common output for 
producing an accumulated status 3.ignal when the accumulated 
status exceeds a predetermined accumulated status threshold; 

a recharge monitor System coupled to the itiput system for 
monitoring one tap voltage of the plurality of tap voltages, 
the recharge monito^r system including a recharge comparator 
device for generating a recharge signal when the one tap 
voltage exceeds a recharge threshold; 

an output system coupled to the comparator system foi!* 
providing the indication in response to the accumulated status 
signal ; and 

an output control system having an ing>ut coupled to the 
comparator system for receiving the accumulated status signal 
$knd coupled tc thd recharge monitor system for receiving the 
recharge signal, the output control system having an output 
coupled to the output system for conveying the accumulated 
status signal to the output sy&t^m and for forcing the output 
system to continue providing the indication when the comparator 
sys^tem no longer produces the accumulated status signal and the 
recharge monitor system does not generate the recharge signal . 

the input system of ttt^ dtate of charge indicator may 
further produce a irecharge tap voltage « Th^ istatd of charge 

1^ 



Indicator may further comprise recharge monitor system for 
forcing the output system to continue providing the indication 
when the accumulated status no longer exceeds the accumulated 
status threshold and when the recharge tap voltage remains 
below a recharge threshold. 

The present invention, still further provides a method of 
monitoring a voltage produced by a depletable energy source and 
producing an indication when the .State of charge of the 
depletable ene^'gy source falXs below a predeteymineja threshold^ 
characterized by^ 

sensing the voltage axld producing a plurality of tap 
voltages ; 

comparing each tap voltage of the plurality of tap 
voltages to a corresponding threshold voltage atid producimg a 
result for each tap voltage falling below its corresponding 
threshold voltage; 

producing an accumulated status from the results; and 

piroviding the indication when the accumulated .status; 
exceeds an accumulated status, threshold. 
Bfi^Ef BpgcHXPyiQN QF TPS PRA^Gg 

The features of the present invention which are believed 
to be novel are set forth with particularity in the appended 
claims • The invention, together with further objects and 
advantages thereof, may best be understood by making reference 
to the fallowing description taken in conjunction with the 
accompanying drawing, in the sole figure of which identical 
reference characters indicfate identical elements, and wherein 
the sole figure is a 
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schraatic diagram illustrating the manner in which the 
present irivention may be implemented in hardware form in 
accordance with the preferred embodiment of the present 
invention. 

Referring how to the sole figure, it illustrates a 
state of charge Indicator ^0 embodying the present 
invetition. The state of charge indicator io is of the type 
which monitors a voltage produced by a depletabl0 energy 
^urce such as a battery 11 and provides an indication when 
the state of charge of the depletable energy source falls 
below a predetermined thresholds 

The state of charge iDdicator lo generally includes 
input system 13 a threshold generating system 46, monitor 
system 65^ comparator system 134 and output system 152. 
The monitor system 65 may include tine or more monitor 
stages such as first monitor stage 66, second monitor stage 
68 and third monitor stage 70. Th0 state of charge 
indicator 10 also includes irecharge monitor system 168 and 
clock system 178^ 

The input system 13 of the state of charge indicator 
10 includes £^ positive input 12 , a negative input 14 , ^nd 
resistors 18, 24, 30, 36, and 42. The positive input 12 
and the negative input 14 are preferably coupled to the 
terminals of the depletable energy source 11* The negative 
input 14 preferably forms or provides system ground. The 
positive input Id is coupled to the first end 16 of 
resistor 18. Th$ second end 20 of the resistor 18 is 
coupled to the first end 22 of resistor 24. The second end 
26 of the resistor 24 is coupled to the first end 28 of 
resistor SO. fh^ second end 32 of the resistor 30 is 
coupled to the first end 34 of teelstor 36. The second end 
o£ the teslator 36 id coupled to the first end 40 of 
resistor 42. ThA second end 44 of resistor 42 is coupled 
to thd negative int>ut 14 « Resistor 18 « resistor 24, 
resistor 30, resistor 36, and resistor 42 form input system 
13 for eenslng the voltage between the i^ositlve input 12 



and the negative input 14 and producing a plurality of tap 
voltages* 

Also coupled to the positive input 12 is the threshold 
generating system 46, The threshold generating system 46 
includes a diode 48, a resistor 52, zener diodes 50, 60 and 
62, and capacitbi: 58. The anode of the diodd 48 is coupled 
to the positive input 12 • The cathode of the diode 48 is 
coupled to the cathode ©f the zener ^iode 50 and a first 
end 53 of the resistor 52. The ^^ode of the zener diode 50 
is coupled, to the negative input 14. The Second end 56 of 
the resistor 52 is coupled to a YCC node 54. The VCC node 
54 is preferably provided with a voltage of 4-5 volts and 
provides positive supply voltage to other components, of the 
state pf charcfe indicatqar 10. The capacitor 58 is coupled 
between the second end 56 of the reslstQi^ 52 and the 
negative input 14 < The cathode of the zener diode 6€ is 
coupled to the second end 56 of the resistor 52. The anod(Si 
of the zener diode 60 is coupled to a reference node 64. 
The cathode of the zener diode 62 is coupled to the 
reference node 64. The anode of the zener diode 62 is 
coupled to the negative input 14. 

in the operation of the threshold generating system 
46,. a reference voltage is provided at the reference node 
64. This reference voltage is preferably temperature and 
current compensated as is well-^known in the art. This 
reference voltage is used for producing threshold voltages 
corresponding to each tap voltage produced by the input 
system 13. 

The reference node 64 is cox^led to monitor system 65. 
The monitor sy@tett 65 include$ first, second artd third 
monitor etages 66, 68 and 70. 

The first mohitor stage 66 includes monitoi: system 74 
and storage system 7S. The storage system 75 includes 
shift register 82 and resistors 88a, 88b, 88c, 88d^ 88e, 
Bitf 88g, and 88h« tii the first monitor stage 66, a 
resistor 72 is coupled between the reference node 64 and 
the monitor system 74. The monitor system 74 includes an 
operational amplifier 76 and a feedback resistor 78. The 
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output of the monitor system 74 is coupled to an Input 80 
of shift register 82. The shift register 82 also has a 
clock input 84. The shift register 82 further has outputs 
86a, 86b, 86c, 86d, 86e, 86f, 86g, and 86h coupled to 
5 resistors 88a, 88b, 88c, 8Sd, 88e, 88f, 88g, and 88h, 
respectively, which have a common connection to form an 
output 90 of the first monitor stage 66. 

The second monitor stage 68 includes monitor system 94 
and storage system 95, The storage system 95 includes 

10 shift register 102 and resistors I08a, 108b, i08c, 108d, 
108e, 108f, 108g, and 108h. In the second monitor stage 
68, a resistor 92 is coupled between the reference node 64 
and the monitor system 94« The monitor system 94 Includes 
ah operational amplifier 96 and a feedback resistor 98. 

is The output of the monitor system 94 is coupled to an input 
100 of the shift register 102^ The shift register 102 also 
has a clock input 104. The shift register 102 has outputs 
106a:, 106b, 106c, 106d, I06e, 106f ^ 106g, and I06h coupled 
to resistors 108a, 108)^, i08c, I08d, 108e^ I08f , lp8g, and 

20 I08h, respectively, w&l^ch have a common connection to form 
an output 110 of the s^econd monitor stage 68. 

The third monitor ^tage 70 Includes monitor system 114 
and storage system 115. The storage system 115 includes 
shift register 122 and risslstord 128a, 128b, 128c, I28d, 

25 12ee, 128f , 128g^ and 128h. In the third monitor stage 70, 
A resistor 112 is coupled between the reference node 64 and 
the monitor system 114. The monitor system 114 includes an 
operational amplifier 116 and a feedback resistor 118 « The 
output of the monitor system 114 is coupled to an input 120 

30 of a shift register 122. The shift register 122 also has 
a clock input 124. The shift register 122 has outputs 
126a, 126b, 126e, 126d, 126e, I26f , 126g, and 126h coupled 
to resistors 12$a, 128b, 12Bc^ l28d, 128e, 128f , 128g, and 
12dh/ respectively, which have a common connection to form 

3d an output 130 of thd third monitor stagd 10* 

The output 90 of the first monitor stage 66, the 
output: lid of the second monitor stage 68 and the output 
130 of the third monitor stage 70 are coupled together to 



torn a common output 132 « The common output 132 is coupled 
to the comparator system 134* The comparator system 134 
includes a resistor 136, an operational amplifier 138, a 
feedback resistor 140 and ?t resiistor 144 • The inverting 
input of the operational amplifier 138 is coupled to the 
reference node 64.. The operational amplifier 138 has an 
output 142 coupled to a first end 146 of the resistor 144. 
The second end 148 of the resistor 144 is coupled to node 
150. 

Node 150 is also coupled to the output system 152. 
The output system 152 includes a latch system 154 and an 
output device 162 » The latch system 154 includes an 
operational ampli$!ier 156 and a feedback resistor 158. The 
output Qf the latch system 154 is coupled to a resistor 
160. The resistor 160 is further coupled to the output 
device 162 which may be d svitching device such as a field 
effect transistor. In the embodiment shown, in the figure, 
the output dj^vicB 16^ is coupled to a light emitting diode 
164, The anodQ of the light emitting diode l&i is coupled 
to a current limiting resistor 166. The resistor 166 is 
coupled to the |>ositive input 12.. Thus, when, the output 
system 152 provides ah indicatioQ of low state of charge, 
light emitting diode 164 is illuminated.. The low state of 
charge indication may be any visual, elc^ctrical, audible, 
or other signal capable of ind:icating the low state of 
charge condition to the user. 

The state of chalrge indica^tor 10 also includes 
recharge monitor system 168 « The first end 40 of resistor 
42 of the input system 13 is also coupled to the recharge 
monitor^ system 168. The ri^charge urohitor system 168 
includes a resistor 170, an operational amplifier 172, a 
feedback resistor 174 and a resistor 17 S., The inverting 
input of operational amplifier 172 is eoupled to the 
referehoe node 64* The recharge monitor system 168 has an 
output 173 eoupled t<x a first end 175 of the ti^sistor 176 « 
The second end 177 of the resistor 176 i^ coupietdl to node 

ISO. 
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Lastly, the state of charge indicator 10 includes a 
clock system 178 for providing a plurality of clock 
signals. Clock system 178 includes a resistor 180, a 
capacitor 182 and a clock generator 184. The clock 
5 generator 184 provides clock signals on outputs 186, 188, 
and 190. Output 186 is coupled to the clock input 84 of 
the shift register 82. Output 188 is coupled tQ the clock 
input 104 of the shift register 102. Output 190 is coupled 
to the clock input 124 of the shift register 122. The 

10 clock generator 184 generate3 clock signals at a rate 
determined by the values of resistor 180 and capacitor 182, 
Preferably, the frequencies of clock signals provided oh 
outputs 186, 188 ahd 190 are different. Preferably the 
frequeacy of the clock signal provided on output 190 is 

IS lower than the frequency of the clock signal provided on 
output 188. Also, preferably the frequency of the clock 
signal provided on output 18S is lower than the frequency 
of the clock, signal provided on output 186. 

For monitoring a voltage pr^odi^ced by; ac depletabl^ 

20 energy source and providing an indication' when tt^e state of 
charge of the depletable Energy sot^ce falls below a 
predetermined threshold^ positive input 12 ^^d^ negative 
input 14 are coupled to the output terminals of %he 
depletabie energy source.. The resistors 18, 24, 30, 36, 

25 and 42 form a voltage divider. The voltage divider 
produces tap voltag^i&f proportional to the voltage between 
positive input 12 and negative input 14. A first tap 
voltage is produced at the second end 20 of the resistor 18 
and supplied to the inverting input of the operational 

30 amplifier 76 of th^ monitor system 74 of th& first monitor 
stage 66 < Thd monitor system 74 forms a comparator with 
hysteresis, weil-krioWn in the art« The^ magnitUdib of the 
tap voltagfe supplied to the invertlAg inpi»t of the 
operational amplifier 76 1^ 00topare4 with a threshci^li 

3S voltage at the honinverting input of opei^atloiial amplifier 
76* tnien the^ tap voltage supplied to mpnitot system 74 is 
greater than the threshold voltage supplied to the mohitor 
system 74, th«» output of the monitor system 74 will )m a 



voltage corresponding to a logical 0 value. When the tap 
voltage supplied to the monitor system 74 is less than the 
threshold voltage supplied to the monitor system 74, as 
when the state of charge of the depletable energy source 
coupled to positive input 12 and negative input 14 is 
diminished in value, the output of the monitor system 74* 
will be a voltagei corresponding to a logical 1 value. 

The output produced by the monitor system 74 is 
supplied to the input 80 of the shift register 82. The 
shift register 82 preferably includes a plurality of 
storage locations^ each storage location having an 
associated order, the order being from highest to lowest. 
In response to a clock signal received at clock input 84, 
the shift register 82 discards the contents of the highest- 
ordered storage location^ sequentially moves the contents 
of each storage location to the next highest- ordered 
storage location, and stores the logical value supplied at 
input 80 in the. lowest ordered storage location. 
Preferably, shift register 82 incliaded eight such storage 
locations. The contents of each such storage location is 
supplied to outputs 86a, 86b, 860, 86d^ .86e, 8€f , 86g, and 
$6h,, resp:ectively. A voltage corresponding to the sum of 
the contents of the $ight storage locations of the shift 
register 82 is supplied to output 90 of first monitor stage 

Thus, the first iapnltor stage 6$ compares the tap 
voltage at the second end 20 of the resistor 18 with a 
corresponding threshold voltage and produces a result. 
Responsive to clock signala from the clock system 178 , the 
first monitor stage 66 stores the results of the eight 
preceding Comparisons » The xesulte of these cQMparisohs 
are »Bamed anjd a voltage eoihe'esponding to the b\ub is 
provided at the outptart 90. 

tn «L similar manner, the second monitor stage 68 
eonpasree the tap ViOltage at 1th0 second end 26 of the 
iresistor 24 with a eorredpohding threshold voltage aiid 
produces a results Responsive to clock signale fxrom th^ 
&lMdk eystev 1.78^, ih» «6<sond; ttonltoi; 6tage 68 stored the 
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results o£ the eight preceding comparisons. The results of 
these comparisons are summed and a voltage corresponding to 
the sum is provided to the output 110. 

In like manner, the third monitor stage 70 compares 
the tap yoltage at the second end 32 of the resistor 30 
with a corresponding threshold voltage and produces a 
result. Responsive to clock signals fxrom the clock system 
178, the third monitor stage 70 stores the results of the 
eight preceding comparisons. The results of these 
comparisons are summed and a voltage corresponding to the 
sum is provided to the output 130, 

As noted above, the clock signals provided at the 
outputs 186, 188 and 190 of the clock, system 178 to the 
first monitor stage 66, the second monitor stage 68, and 
the third monitoir stage 70, respectively, preferably have 
differing frequencies.. Preferably, the clock signal 
provided to the first monitor stage 66 has 9 greater 
frequency than the clock signal provided to the second 
monitor stage 68 and the clock signal provided to the 
second monitor stage 68 has a greater frequency than the 
clock signal provided to the third monitor stage 70. Thus, 
the first mpnitor st^ige 66 , which compares the tap voltage 
having the highest voltage magnitude which corresponds to 
the threshold voltage having the lowest voltage magnitude, 
stores the results of the comparisons most frequently, 
similarly, the third moniter stage 70, which compares the 
tdp voltage having the lowest vpttage magnitude which 
corresponds. t& the threshold voltage having the highest 
voltage magnitude, stores the results of the comparison 
least f requehtl^r- 

During, t^e discharge cycle of a battery, the battery 
voltaige decreased as the battery state of charge decreases 
for a given^ discharge rate. similarly, the voltage 
decreases es the rate of discharge increases for a given 
state of charge condition • Each stage compares the battery 
voltage different threshold voltages at different rates. 
h relatively low battery voltage can be attributed to tw0 
eonditionei tne rate of discharge la hlglh or the battery 



state of charge Is low. Both of these conditions 
necessitate that the sampling rate for the stage with the 
lover threshold voltage be relatively fast in order that 
the battery monitor indicates before the battery state of 
charge falls well below the predetermiiied state of charge 
threshold « Conversely, a relatively high battery voltage 
indicates that the battery state of charge is high or that 
the discharge rate is low. These two conditions 
necessitate that the sample rate for the stage with the 
higher threshold voltage be relatively slow. In this 
second scenario, there is plenty of time to identify the 
low state of charge condition before the battery state of 
pharge falls below the predetermined statf^ of charge 
threshold* Through proper selection of threshold voltages 
and storage ^ates, a given state of charge can be correctly 
identif ied for varying discharge conditions to a high level 
of precision ^ 

The embodiment of the present invention shown in the 
drawing includes three moFiitor stages, the first monitor 
stage 66 ^ the second monitor stage 68, and the third 
monitor stage 70, ks will be appreciated by those skilled 
in the art, a different {number of monitor stages may be 
utilized without departing from the present invention. The 
nuxaber of stagey required is dependent upOn the application 
f^"^ which the battery coupled to the state of charge 
inwicator 10 Is used. More monitor stagejs vill be required 
in appricatiohs which have a broad Current range, i.e,,, a 
current range ftoti 0 to 150 amperes during use or in 
applications in which the current supplied by the battery 
varies greatly, l.e«, the current fluctuates during use 
from 0 to 7S to 25 to Ipp amperes^ Also,^ the state 6f 
charge indicator will rj^quire more stages for applications 
in which it is desirable to in<£^ea8e th^^ accuracy of the 
etate of charge indi^at^pr*. 

Ttk0 eiock irei^ueholetf supplied by the ttl-ook system 178 
and the predetesmin^A three&oldi voltages eprjresponding to 
each tap voltage are 0mseii based on known characteristics 
«f the batterer to iAttUx the dtate of charge indicator 10 is 



coupled. The frequencies and threshold voltages are also 
preferably chosen so that state of charge indicator 10 will 
ptovide the state of charge Indication at any predetermined 
level from 0% to 100% state of charge and to some level of 
precision, such as a 5% band about the predetermined state 
of charge level. 

The comparator system 134 monitors the accumulated 
status produced at the common output 132 of the first 
monitor stage 66, the second monitor stage 68 and the third 
monitor stage 70. The accumulated status is supplied to 
the nohinverting input of the operational amplifier 138. 
The reference voltage on the reference node 64 is supplied 
to the Inverting input of the operational amplifier 138. 
When the voltage magnitude of the accumulated status is 
less than the voltage magnitude of the reference voltage at 
hode 64, the output of the operational amplifier 138 
corresponds to a logical 0 value. This logical 0 value 
indicates that the state pf charge indicator has not 
detected a low state of charge G^onditionv When the voltage 
magnitude of the acc\2mulated status is greater than the 
reference voltage, the output of the opetational amplifier 
138 will have a value corresponding to ^ logical 1 value. 
This logical, 1 value indicates that the state of charge 
indicator 10 has detected! a low state of cha:rge indication. 

The recharge monitor system 168 monitors a recharge 
tap voltage produced at the se^cond end 38. of the ^edistor 
3.^. The recharge t^p voltagfe is supplied to the 
noninverting input of the operatiohal amplifier 172. The 
reference voltage is supplied on the reference node 64 to 
the inverting input of operational aiaplifier ill. When.t^e 
reoharge tap voltage has a voltage magnitude greater than 
the reference voltage supplied on the reference node 64 the 
output, of the operational amplifier 172 has a logical l 
value. When the recharge tap voltage has a voltage 
magnitude less than the reference voltage, the output of 
th9 operational amplifier 172 has a ioigfical d valud. The 
log^tcal 1 value ik% the output of the cperationai amplifier 
Its ifidieatee ^e«. the depletafele energy eourea coupled 
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across the positive input 12 and the negative input 14 is 
charging or is fully charged. The logical 0 value at the 
output of the operational amplifier 172 indicates that the 
depletable energy sotirce. is not charging &r is not fully 
charged. The recharge monitor system 168 is used for 
forcing the output device 162 to continue providing a low 
state of charge indication when the accumulated status no 
longer exceeds the accvimulated status threshold and when 
the recharge tap voltage falls below the recharge 
threshold. Thus, the output of the operational amplifier 
172 provides a recharge signal. 

An important aspect of the present invention is 
provided by the latch System 1S4. The latch system 1S4 
forms an otitput coiitrol systi»d for controlling the output 
device 162 in response to the comparator systeio 134 and the 
recharge monitor system 16B. The operation of the latch 
system 154 is shown in the truth table, Table 1. 



Previous 
Output ri56) 

0 

0 

0 

0 

1 
1 
1 
1 



Charging 

., am 

0 

e 
■I 
1 

0 
0 

3. 
1 



Accumulated 
StatMS (138) 

1 
0 
1 
& 
1 
0 

1 



Hext Output 
j fl?6) 

i 
i 

I 

0 
1 
I 
1 

1 



As will be noted from Table I, the next output > the 
output of the operational amplifier 156, is a function of 
the previous output,^ which is the output: of the operational 
amplifier 156 , the recharge signal # which i$- the output of 
tlie operatiMtal amplifleir |72, and the- aeeumulat^d status 
^iett is the output of the bperatlonal amplifiesr 1S6. iQien 
the tiejtt output has a legijBi^i 0 value,; the output, devitse^ 
1(62 will tiot provide & la» st^te of charge indicatioh. 
SimiyMtXft when the next ttut|^ut has a legicai value 1, tiie 
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output device 162 will provide a low state of charge 
Indication. 

As can thus be seen in Table I, the state of the next 
output generally tracks the state of the accumulated 
5 status. However^ where the accumulated status is a 0^ 
indicating the battery does not presently have a low state 
of charge, and the charging output is a 0, indicating the 
battery is not recharging or fully charged, and the 
previous output was a l, indicating a low state of charge, 
IQ the next output remains a logical 1, indicating low state 
of charge. Thus, the state df charge indicator 10 1$ 
rendered insensitive to short-term fluctuations of the 
output voltage of the depletable energy source. Once the 
state of charge indicator 10 has detected a low state of 
15 charge and provided an indication through the output device 
162, the low- state of charge state is. latched by the latch 
systCT 154^ The latch system 154 is only reset by a 
logical 1. on the Charging output, the output of the 
< ' operational amplifier 172. 

* 20 Froia the foregoing^ it c^h be seen that trhe present 

f invention provides a hew and improved state charge 

indicator for monitoring a voltage produced by a depletable 
energy source and providing an indication when the state of 
<«• charge of the depletable energy source falls belAW a 

'<-^ ' 25 predetermined threshold, tn aidditiony the state of charge 
Indicator of the present invent ic^h aseuree that the low 
' state of enlarge indication uill eontiti^e to be provided 

Until the depletable energy source has bee^ recharged to 
well ab^ve the predetermined setpolnt level. 
30 While a particular embodiment bf the present invention 

has been shown and described, modif icatiohe fttikt he made, 
and it id therefore intended in the &ppen<led Claims to 
cove^ all such bhanges and modifications Which £^XX within 
the true epiirit and scope of the invention % 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 
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1, A state of charge indicator for providing an 
indication when the state of charge of a battery falls 
below a predetermined threshold level, characterized by: 

an input syst^ for sensing a vpltage produced by 
the battery and producing a plurality of tap voltages; 

a plurality of monitor stages coupled to the input 
systexti and having a common output., each monitor stage, of 
the plurality df monitor stages including a monitor 
system for sensing one tap voltage of the plurality of 
tap voltages and producing a result when the. one tap 
voltage falls below a predetermihed threshold and a 
storage system coupled to the monitor systetn for storing 
each the result, the storage system having an output 
coupled to the common output for supplying an accumulated 
status; 

a comparator system ooupled to the comm6ri output for 
producing an accumulated status signal when the 
accumulated status exceeds a predetermined accumulated 
status threshold; 

a recharge monitor system coupled to the input 
system for monitoring one tap voltage of the plurality of 
tap voltages, the recharge monitor system including a 
recharge comparator device for generating a recharge 
signal when the one tap voltage exceeds a rephafge 
threshold; 

an output system couj^led to the comp^f^tor system 
for providing the indication in rei^onsd to the 
accumulated status signal; and 

an output control system having an input coupled to 
th^ comparator system tot receiving the accumulated 
status signal and cbupled to the irecharge monitor system 
fot :r^ceiving the rocharge signal, the output control 
system having an output coupled to the output systeiii for 
conveying the accumulated status signal to the output 
system and fot- forcing the output system to continue 
l^rovlding the Indication when the coiiq[>arator System no 



longer, produpes the accumulated status signal and the 
redharge monitor system does not generate the recharge 
signal. 

2. A state of charge indicator as defined in Claim 

1, further characterized in that the storage system 
includes a plurality of storage locations for storing a 
like plurality of the results, each stojrage location of 
the plurality of storage locations having an associated 
order, the .Order being from highest to Ibwest, and 
wherein the storage system is responsive to a clock 
signal for dis<::arding the contents of the highest ordered 
of the storage locatidns, sequentially moving the 
contents of each storage location of the plurality of 
storage locations to the next highest ordered storage 
location and storing the result ift the lowest ordered of 
the storage locations, each storage location of the 
plurality of storage locations being cbupled to the 
common output* 

3. A state of (bha^rge Indicatoit as defined in Claim 
2jt further Characterized in thdt the storage system 
Includes a shift register » 

4. A state of Qharge indiciatot as defined in Claim 

2, further characterized in that each storage system of 
the plurality of monitor stages is coupled tp a different 
clock signal of a plurality of clock signals i 

5* A state of charge ifididator as defined In Claim 
4 IP further characterised by a clock fOr generating the 
plurality of clock signals « 

6r A stat^ of charge indicator as defined in Claim 
1^ further characterized in that each monitor system of 
tti^ plurality titonito^r stages is coupled to a different 
predetermlneci threshold of a plurality of predetermined 
thresholds 
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?• A state of charge indicator as defined in Claim 
6, furthef characterized by a threshold generating system 
for generating the plurality of predetermined thresholds. 

8. A state of charge indicator subs1:antially as 
hereinbefore described with reference to the accompanying 
drawings • 

9. A method of monitoring a voltage produced by a 
<lepietab.le energy source and producing an indication when 
the state of charge of the dejiletable energy source falls 
below a predetermined thresholcj/ chataeterized by; 

sensing the voltage ^nd producing a plurality of tap 
voltages; 

comparing each tap voitagr6 of the plurality of tap 
voltagiBs to a corresponding threshold, voltage and 
producing a result for each tap Voltage falling below its 
carresi>oftding threshold voltage; 

proG^ucing ian accumulated status from the results; 

and 

providing the indication when the accumulated status 
exceeds ati accumulated status threshold. 

tO^ A method as defined in Claim 9, further 
characterized by the step of periodically storing the 
results afid combining the tesults to produce the 
accumulated statUsf. 

Us A method as defined by Claim 10, further 
characterized by the step at providing a clock for 
clocking the p^i^iodic storing of the results. 

12 • A methd^l as defined by Claim 11, further 
characterized by the &tep of monitoring 6ne tap voltage 
Of the plurality 0t tap vclt^ged ahd gen^atitig a 
rechar^id signal when thd one tap voltage of the plurality 
of tap voltages i&xceedd a r^tsharge thr^i^hold* 
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13 • A method as defined in claim 12, further 
characterized by the step of continuing to provide the 
indication when the accumulated status no longer exceeds the 
accumulated status threshold and when the one tap voltage does 
jxot exceed the recharge threshold, 

14. The method; of any one of claims 9 to 13, 
substantially as hereinbefore described. 



DATED-:. 31 August 1995 



CARTER SMITE & BBADLE 

Patent Attorneys for the Applicant: 
OLOBS-UNION ntC 



STATE OF CHARGE INDICATOR FOR PEEF-CYCLE APPLICATIONS 

ABSTRACT OF THE DISCLOSURE 

A State of charge indicator (10) monitors a voltage 
produced by a depletable energy source (11) and provider an 
indication when the state of charge of the depletable 
energy source (11) falls below a predetermined threshold. 
Th^ state of charge indicator (10> includes an input 
circuit (.13) for sensing the Voltage and producing a 
plurality of tap voltages. The state of charge indicator 
(10) further Includes a monitor ciifcuit (65) for comparing 
each tap voltage with a corresponding threshold voltage and 
producing a result for each tap voltage falling below its 
corresponding threshold. The state of charge indicator 
(10) still further includes a storage device (75, 95, 115) 
for storing each result and producing an accumulated status, 
and an output circuit (152) for producing the indication 
when the accumulated status exceeds an accumulated status 
thresholds 



